Background: Care of elderly patients after hip fracture is not well established.
B
Y THE NINTH DECADE OF LIFE, 1 of every 3 women and 1 of every 6 men will have sustained a hip fracture. 1 The consequences are severe. In the first 12 months after the fracture, 10% fracture their other hip, 30% are readmitted to acute care, 50% are left with permanent functional disabilities, 25% require long-term care, and 10% to 25% die. [2] [3] [4] [5] Despite the high frequency of adverse events, evidence to support specific interventions to reduce these outcomes is limited. 6 Supplemental cholecalciferol (700-1000 IU/d) reduces falls 7 and nonvertebral fractures 8 in community-dwelling and institutionalized older individuals. Thus, patients with hip fracture may benefit from cholecalciferol supplementation, but may need a higher dose of cholecalciferol to correct their severe vitamin D deficiency. [9] [10] [11] Cholecalciferol may also reduce morbidity via multiple mechanisms. [12] [13] [14] Secondary prevention may also include physiotherapy (PT) applied as an instructed unsupervised home program; several studies of older individuals found a reduction of falls with exercise. [15] [16] [17] However, the benefit of such a program has not been evaluated after acute hip fracture.
The goal of this randomized controlled trial was to determine the additive benefit of extended PT and cholecalciferol therapy, 2000 IU/d, on the rate of falls and hospital readmissions in the first 12 months after acute hip fracture.
METHODS

DESIGN OVERVIEW
In this 12-month trial, participants were randomized to PT (extended or standard) and to vitamin D 3 therapy (2000 or 800 IU/d; 800 IU/d Author Affiliations are listed at the end of this article. was considered the standard of care) in a factorial design trial. The primary end point was the rate of falls. The secondary end point was health care utilization measured as the rate of hospital admissions.
SETTING AND PARTICIPANTS
We studied patients with acute hip fracture 65 years or older from a large hospital center (Triemli City Hospital). Participants had to reach a Folstein Mini-Mental State Examination score of at least 15, 18 have no prior hip fracture at the newly fractured hip, undergo surgical repair of the fracture, understand German, have no metastatic cancer or chemotherapy in the last year, have no severe visual or hearing impairment, have creatinine clearance of more than 15 mL/min (to convert to milliliters per second, multiply by 0.0167), be able to walk at least 3 m before their hip fracture, and have no kidney stone in the past 5 years, no hypercalcemia, and no primary hyperparathyroidism or sarcoidosis. Participants were advised to maintain their usual diets and to avoid taking calcium and cholecalciferol supplements on their own throughout the study.
SCREENING AND RANDOMIZATION
We prescreened all 667 patients with acute hip fracture 65 years or older admitted from January 1, 2005, through December 31, 2007. Of these, 327 did not meet our inclusion criteria ( Figure) . Of 341 patients eligible after prescreening, 173 agreed to participate. The prescreening and trial protocols were approved by the Kantonal Ethics Committee at the University of Zurich, and written informed consent was obtained from each participant.
Computer-based randomization was performed by the study statistician (E.J.O.). Randomization for the dosage of cholecalciferol was double-blinded, whereas randomization for PT was single-blinded (all study staff except the treating physiotherapist who instructed the home program were blinded to the PT treatment allocation).
INTERVENTIONS Physiotherapy
Participants were randomly assigned to standard PT (30 min/d during acute care with no home program) or to extended PT. The extended PT program included an additional 30 minutes of home program instruction each day during acute care. The additional instructions prepared subjects for the home program, using the following simple components: standing on both legs and then standing on 1 leg while holding a handrail (simple balance component), pulling a rubber band while sitting for arm strength training, getting in and out of a chair, and going up and down stairs (functional mobility). At discharge, the extended PT group also received a leaflet that illustrated the home program with our recommendation to follow the home program for 30 minutes each day (all material available on request from the authors).
Analyzed: main effect of extended (n = 87) vs standard (n = 86) PT 173 One physiotherapist conducted the home program instruction while another physiotherapist, blinded to treatment assignments, conducted all assessments of strength and function at baseline and at the 6-and 12-month follow-up visits. To maintain the blinding of our study staff to the PT group, we assessed adherence to the home program (at least once per week vs less) only at the 12-month follow-up visit or by telephone call.
Cholecalciferol Therapy
For breakfast and at bedtime, participants took a tablet containing 400 IU of cholecalciferol and 500 mg of elemental calcium as calcium carbonate (Nycomed, Wädenswil, Switzerland). Also, with breakfast, participants took a study capsule containing 1200 IU of cholecalciferol or placebo, identical in appearance and taste. The study capsules were prepared in a single batch (Streuli AG, Uznach, Switzerland); an assay confirmed that the dose was 1269 IU of cholecalciferol.
OUTCOMES AND FOLLOW-UP
Baseline assessments were performed after hip fracture surgery, during acute care (mean [SD], 4.2 [2.2] days after hip fracture surgery; range, 1-12 days). Clinical visits were at 6 and 12 months. Falls, fall-related injuries, and hospital readmissions were assessed by monthly telephone calls and a patient diary. In addition, a telephone hotline was provided to report these events at any time. Unique fall events were identified by comparing the date and circumstances of each report from different ascertainment methods. All admission records were reviewed by 3 blinded coinvestigators (H.A.B.-F., A.E., and N.J.M.) to determine the main cause of readmission.
Falls were defined as "unintentionally coming to rest on the ground, floor, or other lower level." Coming to rest against furniture or a wall was not counted as a fall. 19 The primary analysis included the total number of falls per person. We truncated the total number of falls for 1 person from 36 to 9, the next highest fall frequency observed. Comorbid conditions were assessed at baseline with the Charlson comorbidity index. 20 Functional assessment at baseline and 6 and 12 months included knee extensor and flexor strength for the leg undergoing operation and the other leg, grip strength, and the timed Up & Go test. All tests showed good reproducibility in an earlier trial of frail elderly individuals. 21 Fasting venous blood was collected between 7 and 10 AM at baseline and the 6-and 12-month follow-up visit for measurement of levels of 25-hydroxyvitamin D (25[OH]D) (using a radioimmunoassay from Diasorin, Inc, Stillwater, Minnesota), calcium corrected for albumin, and creatinine. Creatinine clearance was calculated using the Cockcroft-Gault formula. 22 
STATISTICAL ANALYSES
All analyses were based on intent to treat and included 173 individuals. We used Poisson regression to evaluate the effect of extended PT compared with standard PT and the effect of 2000 vs 800 IU/d dosages of cholecalciferol on the rates of falling and hospital readmissions during the 12-month follow-up visit. The appropriateness of the Poisson model in terms of overdispersion was checked using the ratio of the model deviance to its degrees of freedom and found to be excellent for readmissions (1.03) and reasonable for falls (1.80). Because this was a factorial design trial, we tested and confirmed our assumption of no interaction between the 2 treatment strategies. Thus, all analyses test the main effect of each treatment while controlling for the other treatment strategy.
The multivariate analyses for rates of falls and hospital readmissions controlled for age in years, sex, baseline body mass index, baseline plasma 25(OH)D level, baseline height, living situation before the hip fracture (home, assisted living, or nursing home), and exposure time (days in the trial). To account for the reduced exposure time among patients who died or withdrew from the study, we used an offset in the Poisson regression for the number of days in the study.
For our predefined subgroup analyses comparing the rate of hospital readmissions due to fall-related injury, infection, and other causes, the Poisson regression controlled for trial design (both treatment strategies), living situation before the hip fracture (home, assisted living, or nursing home, to capture significant frailty), and exposure time (days in the trial), again using the offset for the number of days in the study. These adjustments were also used for the adjusted risk of death and new nursing home admission by treatment strategy. Because of the limited number of events in the subgroup analyses, it was not possible to include additional covariates in these regression models. To evaluate a benefit of extended PT and 2000 IU/d of vitamin D 3 on measured strength and functional mobility at 6 and 12 months, we used repeated-measures linear regression analyses controlling for baseline strength/function, time, age, sex, and body mass index. The mixed linear regression model included all of the other covariates listed, as well as the main effects of PT and the dose of vitamin D.
Analyses were conducted with SAS statistical software (version 9.1; SAS Institute Inc, Cary, North Carolina). All P values are 2 sided. Unless otherwise specified, data are expressed as mean (SD).
RESULTS
PATIENT CHARACTERISTICS AND STUDY ADHERENCE
The baseline characteristics of the 173 subjects by treatment group are shown in During the trial, 45 participants dropped out after a mean follow-up of 118 (112) days; of these, 20 died, 10 stopped for personal reasons (ie, they were overwhelmed or lost interest), 6 withdrew because of illness and overall decline, and 9 withdrew because they wanted to discontinue the study medication therapy. Subjects who discontinued their study medication therapy were encouraged to return for all subsequent follow-up evaluations. Patients with incomplete follow-up were included in all analyses for rates of falls and hospital readmission, controlling for observation time.
The reported adherence, assessed by monthly calls, was 92.2% for the combined cholecalciferol plus calcium and 93.6% for the study capsule containing 1200 IU cholecalciferol or placebo. The adherence-adjusted dosage of cholecalciferol correlated significantly with the mea- Mean days of PT during acute care were 7.6 (95% confidence interval [CI], 6.3-8.9) in the standard group and 7.2 (95% CI, 6.4-8.0) in the extended PT group; total minutes of PT were 176 (95% CI, 144-208; 23 min/d) with standard PT and 292 (95% CI, 259-326; 41 min/d) with extended PT. Sixty-five of 87 persons randomized to extended PT were reached for the 12-month visit or a telephone call. Of those, 45 (69%) reported having performed the home program at least once a week; of these, 4 (9%) answered that the home program did not make them stronger or more mobile, 24 (53%) answered that the program made them somewhat stronger and somewhat more mobile, and 17 (38%) answered that the home program made them a lot stronger and a lot more mobile.
RATE OF FALLS
We documented 212 falls in 92 participants (38 [41%] fell once, 24 [26%] fell twice, 17 [18%] fell 3 times, and 13 [14%] fell Ͼ3 times). Extended PT reduced the rate of falls significantly by 25% (adjusted relative rate difference,−25%; 95% CI, −44% to −1%; Table 2 ). In an efficacy analysis based on participation in the home program at least once a week (n = 45), the rate of falls was reduced by 36% (adjusted relative rate difference, −36%; 95% CI, −55% to −9%) compared with individuals who did not participate in the home program at least once a week or were randomized to standard PT (n =128).
Although there was no significant difference in functional outcomes by PT group assignment, persons who engaged in the home program at least once a week performed significantly better in 3 of 4 functional tests mea-sured at the 6-and 12-month follow-up visits compared with those who did not engage in the home program or were randomized to standard PT, independent of their baseline strength/function, age, sex, and body mass index. We found an 8% higher knee extensor strength (P=.02), a 37% higher grip strength (P=.004), and a 39% better functional mobility (quicker performance in the timed Up & Go test; P=.047), but no significant benefit for knee flexor strength (−3%; P=.96).
The 2000-vs 800-IU/d dosages of cholecalciferol did not reduce the rate of falls or improve strength or function. The nonsignificant increase in the overall rate of falls in the 2000-IU/d group (Table 2 ) was driven to a large extent by patients with hip fracture who experienced multiple falls; however, even when we restricted the comparison to those who fell and did not fall, there was no benefit of the higher dosage of cholecalciferol.
RATE OF HOSPITAL READMISSION
We documented 74 hospital readmissions in 54 of the original 173 participants (38 [70%] had 1 readmission, 12 [22%] had 2 readmissions, and 4 [7%] had 3 readmissions). The 2000-vs 800-IU/d dosage of cholecalciferol reduced the rate of hospital readmissions significantly by 39% (adjusted relative rate difference, −39%; 95% CI, −62% to −1%), whereas extended vs standard PT did not ( Table 2 ). In an efficacy analysis based on the multivariate analysis for estimated daily cholecalciferol dose (doseϫ reported adherence in monthly telephone calls), the rate of hospital readmissions was reduced by 55% by the 2000-IU/d dosage of cholecalciferol (adjusted relative rate difference, −55%; 95% CI, −79% to −2%). As shown in Table 3 , the overall reduction of the rate of hospital readmissions with the 2000-IU/d dosage of cholecalciferol was primarily driven by fewer readmissions due to fall-related injury (−60%) and by fewer infections (−90%). Extended PT also reduced admissions due to fall-related injury (−47%), but not significantly.
25(OH)D LEVELS
Participants allocated to 2000-IU/d dosage of cholecalciferol achieved 17% higher 25(OH)D levels at the 6-month follow-up and 21% higher levels at the 12-month follow-up (P Ͻ .001; 
SAFETY, REFRACTURE, AND MORTALITY
In the 800-IU/d group, mean albumin-corrected serum calcium levels were 9.0 (0.5) mg/dL at baseline, 9.6 (0.5) mg/dL at 7 to 10 days after treatment start, and 9.5 (0.5) mg/dL at the 6-month follow-up visit (to convert to micromoles per liter, multiply by 0.25). In the 2000-IU/d group, albumin-corrected serum calcium levels were 9.0 (0.7) mg/dL at baseline, 9.4 (0.5) mg/dL at 7 to 10 days after treatment start, and 9.4 (0.5) mg/dL at the 6-month follow-up visit. There were 3 cases of mild hypercalcemia (defined as a level between 10.8 and 11.6 mg/dL) at 7 to 10 days of follow-up (2 with 800 IU/d, both with 10.8 mg/dL, and 1 with 2000 IU/d at 10.9 mg/dL). There were 3 cases of mild hypercalcemia at the 6-month follow-up (1 with 800 IU/d at 11.6 mg/dL, and 2 with 2000 Abbreviations: CI, confidence interval; PT, physiotherapy. a Effect sizes are based on Poisson regression models, controlling for treatment strategies, sex, age, living situation before the hip fracture (home, assisted living, or nursing home), Charlson comorbidity index, body mass index, height, baseline 25-hydroxyvitamin D levels, and exposure time (days in the trial) in the multivariate analyses. The crude relative rate difference controls for treatment strategies only. Abbreviations: CI, confidence interval; PT, physiotherapy. a The adjusted relative rate difference is based on Poisson regression analyses, controlling for trial design (the other treatment strategy), living situation before the hip fracture, and exposure time (days in the trial). With respect to number of patients with these events, 7 patients were readmitted with fall-related injuries in the 2000-IU/d dosage group vs 13 in the 800-IU/d dosage group, 8 in the extended PT group, and 12 in the standard PT group. One patient was readmitted with infection in the 2000-IU/d dosage group vs 7 in the 800-IU/d dosage group, 6 in the extended PT group, and 2 in the standard PT group. All subsequent refractures were treated in inpatient care: the rate of refracture per observed patient-year was 0.10 in the 2000-IU/d group (n = 7) compared with 0.19 in the 800-IU/d group (n = 15) and 0.09 in the extended PT group (n=7) compared with 0.21 in the standard PT group (n = 15). For refractures, the adjusted relative rate difference was −52% for the 2000-IU/d vs 800-IU/d dosage group (95% CI, −0.80% to 19%; P= .11) and −56% for the extended vs standard PT group (−82% to 9%; P= .08).
IU/d at 10.8 and 11.2 mg/dL). Of these, 2 of 3 returned to normal levels with treatment at 12 months of followup. Creatinine clearance did not differ significantly between groups at baseline or at 7 to 10 days, or 6 and 12 months of follow-up. There was no report of nephrolithiasis throughout the trial period.
The rate of subsequent refracture is presented in Table 3 . 
COMMENT
Our results show a differential benefit of extended PT and a dosage of 2000 IU/d of vitamin D 3 in the first year after hip fracture. The easy-to-implement PT home program reduced the rate of falls by 25% compared with standard PT but did not reduce hospital readmission, whereas 2000 IU/d of cholecalciferol reduced the rate of hospital readmissions by 39% compared with 800 IU/d of cholecalciferol but did not reduce the rate of falls.
The benefit of fall reduction with our extended PT program is consistent with a randomized trial by Campbell and colleagues, 17 which showed a reduction in falls among community-dwelling elderly women 80 years or older with an unsupervised home program. The gain in strength and functional mobility found in participants adherent to the home program provides mechanistic evidence, and their more pronounced fall reduction of 36% compared with 25% in the intent-to-treat analysis indicates the efficacy of the program. Consistent with the overall reduction in the rate of falls with extended PT, there was a suggestion that extended PT may reduce the rate of hospital readmissions due to fall-related injuries, although this was not significant.
To our knowledge, this is the first randomized controlled trial to test and show a benefit of cholecalciferol supplementation on hospital readmissions after hip fracture. In a recent meta-analysis of double-blind randomized controlled trials, antifracture efficacy was reported to be dose-dependent and enhanced with a higher dosage of vitamin D supplementation or a serum 25(OH)D level beyond 30 ng/mL, 8 which may explain the observed benefit for fall-related injuries, primarily refracture, leading to hospital readmission with the 2000 compared with 800-IU/d dosage of cholecalciferol. Furthermore, the emerging recognition of the role of cholecalciferol in the immune response to infectious agents, such as tuberculous bacteria 23 or viral and bacterial infections of the respiratory tract, 24, 25 could explain the reduction in infections that lead to hospital readmission with the 2000-IU/d dosage of cholecalciferol. However, these findings are based on small numbers in the subgroup analyses for hospital readmission and need confirmation in a larger trial.
Although we expected cholecalciferol supplementation to reduce the overall rate of falls, as shown in several randomized trials among institutionalized and community-dwelling older individuals and summarized in a recent meta-analysis, 8 this could not be confirmed in patients with acute hip fracture for comparison of 2000and 800-IU/d dosages of cholecalciferol. One explanation may be that most of the benefit of cholecalciferol on muscle strength and fall prevention is achieved at a dose of 800 IU/d, 8 which was the experimental dosage in earlier trials. Also, the most recent meta-analysis of doubleblind randomized controlled trials suggested a fallprevention threshold of 24 ng/mL, a level that most people achieve with a supplement dosage of 800 IU/d. 7 Alternatively, frailty in our study was greater than in other double-blinded trials with cholecalciferol, which may have overridden the benefit of cholecalciferol. However, our subgroup analyses suggested a lower rate of hospital readmissions due to fall-related injuries, primarily refractures, with the 2000-vs 800-IU/d dosage of cholecalciferol. Thus, a higher dosage of cholecalciferol supplement may be important for the prevention of falls with injury, which is consistent with the higher fracture prevention threshold of 30 ng/mL of 25(OH)D suggested in a recent meta-analysis. 8 In our trial, more than 90% of participants randomized to 2000-IU/d dosage of cholecalciferol reached a threshold of at least 30 ng/mL at 6 and 12 months of treatment.
There are several strengths of this trial. With the high level of frailty after acute hip fracture, our trial was powered for the end points investigated despite its moderate size, and adverse event rates were consistent with the literature. [2] [3] [4] [5] Furthermore, the trial was designed to compare 2 optimized treatment strategies against current treatment strategies in a largely unselected sample of patients with hip fractures. Moreover, the efficacy analyses showed an enhanced treatment effect for the rate of falls with adherence to the extended PT program and for hospital readmissions by received dose of cholecalciferol, which would be expected if there is a true treatment effect.
Because clinical interventions in elderly hip fracture patients are not well established, our findings may have important clinical implications. The interventions are practical, well tolerated in elderly patients with hip fractures and multiple comorbidities, and relatively low in cost. The effect sizes demonstrated on falls and hospital readmission are clinically meaningful, especially if the frequency and severity of the events prevented are considered. Finally, our subgroup findings of reduced hospital readmission due to fall-related injury, primarily refracture, and infections may stimulate future research to test these end points in a larger trial.
In conclusion, extended PT and supplementation with cholecalciferol, 2000 IU/d, had differential benefits in care after hip fracture. Extended PT reduced falls but not hospital readmissions, and supplementation with 2000 IU/d of cholecalciferol reduced hospital readmission but not falls. Thus, the 2 strategies may be useful together because they address 2 different and important complications after hip fracture. 
